The activities of carbapenems against Pseudomonas aeruginosa decreased in the presence of siliconized latex urinary catheters (SLUCs). This effect was associated with the loss of OprD. The zinc that eluted from SLUCs is responsible for this phenomenon. We have found that zinc exerts a negative effect on the expression of OprD, the porin responsible for carbapenem entry into P. aeruginosa.
Pseudomonas aeruginosa is an important cause of urinary tract infections in patients with urinary catheters (17) . This organism is able to colonize the surface of the catheter, forming a biofilm that interferes with the activities of antimicrobial agents and host defense mechanisms (7, 13) . In vitro P. aeruginosa adheres more efficaciously to siliconized latex urinary catheters (SLUCs) than to other plastic materials (7, 10, 11) . SLUCs elute substances that can be used as nutrients by this organism (10) . Moreover, the eluate from SLUCs decreases the activities of carbapenems against P. aeruginosa (16) . The last effect is not due to drug inactivation or increased betalactamase activity but is associated with changes in the outer membrane protein (OMP) profile, that is, the loss of an OprDlike protein and the expression of a new OMP of about 50 kDa. This phenomenon is reversible, which indicates that, by means of some unknown mechanism, the eluate regulates the physiology of P. aeruginosa rather than selects for mutants (9) .
OprD is a protein whose primary role is the passive uptake of basic amino acids across the outer membrane of P. aeruginosa, but it forms pores that are also permeable to carbapenems (4, 21, 22) . OprD loss reduces the activities of carbapenems against these bacteria (18, 21) . OprD expression is very much influenced by environmental conditions. Different amino acids such as arginine, histidine, glutamate, and alanine strongly induce the expression of this porin when they are the only sources of carbon or nitrogen in the environment (14) . Weak aromatic acids like acetyl salicylate or benzoate reduce the expression of OprD (15, 20) . None of several previously identified organic compounds in SLUC eluates, however, affect OprD expression or the susceptibilities of P. aeruginosa to carbapenems (9) .
This study was undertaken in order to investigate which of the SLUC components are responsible for the decreased activities of carbapenems against P. aeruginosa grown in the presence of SLUCs.
To investigate the presence of different elements in urinary catheters, 0.5-cm segments of SLUCs (two-way pediatric silicone-coated latex Foley catheter 8FR/CH; Kendall Co., Kangar, Malaysia) were analyzed by a particle-induced X-ray emission (PIXE) technique (8) . After removal of the organic matrix, elemental analysis was carried out with 2.5-MeV protons generated by a Tandem Van de Graff accelerator (9SDH-2; NEC, Middleton, Wis.). The induced X rays were simultaneously detected with a 350-m-thick Mylar absorber (Dupont, Wilmington, Del.) with an LEGe and Si(Li) detector. The spectra obtained by the PIXE technique were analyzed with an AXIL personal computer (Canberra Packard, Zelik, Belgium). Zinc was the most abundant element found in all the samples, followed by silicon, phosphorus, sulfur, and chlorine. Finally, traces of copper, titanium, chromium, and manganese were also detected.
The eluates from the SLUCs were also investigated for the presence of zinc. For this purpose, eluates were prepared by incubating segments of SLUCs in sterile cation-adjusted Mueller-Hinton broth (MH) at 37°C for 24 h (four 1-cm segments per milliliter of medium). The zinc contents in MH and in the eluates from the SLUCs were determined by inductively coupled plasma atomic emission spectrometry with a sequential multielement instrument (ARL 3410; FISONS Instruments, Valencia, Calif.) (3). The analyses were performed in duplicate and were repeated in three different batches of media. The zinc contents in MH and the eluate were 0.29 Ϯ 0.1 and 36.8 Ϯ 3.2 g/ml, respectively.
The MICs of imipenem (IPM; Merck Sharp & Dohme, Madrid, Spain) for P. aeruginosa PAO1 and its OprD-deficient mutant were determined by a microdilution assay according to the guidelines of NCCLS (12) . The media used were MH, the eluate from the SLUCs, and MH supplemented with zinc acetate dihydrate (Sigma, Madrid, Spain) to achieve final concentrations of 73.6, 36.8, 18.4, 11.2, 5.7, 3.0, 1.65, and 0.97 g of zinc/ml of medium. Zinc concentrations in MH lower than 5.7 g/ml did not affect the activity of IPM against P. aeruginosa PAO1, while zinc concentrations between 5.7 and 18.9 g/ml caused a fourfold increase in the MIC. Finally, when the zinc concentration in MH was equal to that found in the eluate (36.8 g/ml), the activities of IMP were the same in both MH and the eluate (8 g/ml). On the other hand, the MICs of IPM for the OprD-deficient mutant were the same (8 g/ml) in all the media tested.
The effect of zinc on the OMP profile of P. aeruginosa grown in MH, eluate, or zinc-supplemented MH (final zinc concentration, 36.8 g/ml) was evaluated. OMPs were prepared as described previously (5); separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) with the buffers described by Laemmli (6), with 10% (wt/vol) acrylamide and 0.1% (wt/vol) bisacrylamide in the running gel; and stained with Coomassie blue. Both P. aeruginosa PAO1 and its OprD-deficient mutant showed the same OMP profiles when they were grown in either the eluate or zinc-supplemented MH (Fig. 1) . The OprD-like protein and the 50-kDa protein expressed in the eluate and in zinc-supplemented MH were further analyzed by matrix-assisted laser desorption-ionization time-of-flight (MALDI-TOF) mass spectrometry after in-gel trypsin digestion. Digestion of the proteins (in the gel) was performed as described previously (19) , with minor modifications. The digested proteins were analyzed on a Reflex III MALDI-TOF mass spectrometer (Bruker-Franzen Analytic GmbH, Bremen, Germany) equipped with the SCOUT source in the positive ion reflector mode. The ion acceleration voltage was 20 kV. The equipment was first externally calibrated with protonated mass signals from a peptide mixture covering the 1,000-to 4,000-m/z range, and then every spectrum was internally calibrated by using signals arising from trypsin autoproteolysis. Analysis of tryptic fragments from the OMP lost in the eluate and in zinc-supplemented MH showed that they matched OprD (formerly OprD2), and the new OMP expressed in those media was identified as OprD3, as inferred from the PAO genome (PA2505; http://pseudomonas.com).
The expression of OprD3 seemed to be unrelated to the decreased susceptibilities of the two P. aeruginosa strains to carbapenems when they were grown in the eluate, as it was expressed by both strains when they were grown in the eluate. Similar results were found for P. aeruginosa strains with different levels of expression of the AmpC beta-lactamase, OprD, and MexA-MexB-OprM and were even found for those strains without changes in carbapenem susceptibility (M. C. Conejo, L. Martínez-Martínez, I. García, and A. Pascual, Abstr. 12th Eur. Congr. Clin. Microbiol., abstr. P1402, 2002). The expression of OprD3 might be a compensatory change that allows the entry of amino acids into P. aeruginosa when OprD2 is repressed.
Different investigators have reported that the concentration of zinc in MH significantly affects the susceptibility of P. aeruginosa to IPM (1, 2). The reason for this observation was unknown. We have found that zinc exerts a negative effect on the expression of OprD2, the porin responsible for carbapenem entry into P. aeruginosa. New studies are in progress in order to evaluate the role of zinc in the regulation of OMP expression in P. aeruginosa. The in vivo relevance of the loss of OprD from P. aeruginosa strains forming biofilms on SLUCs needs to be evaluated.
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